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+Scanning Electron Microscopy (SEM) HPLC three valve solvent delivery caps and white porous teflon tubing filled with beads were used for oxygen

To rapidly determine induced stress response pathways in anaerobic microorganisms, we need to produce biomass for | Expt#; Timepoint#; Replicat1# oD AoDC PLFA | Proteins [ pH | Aerobic streak | Anaerboic strea stress experiments to maximize gas saturation efficiency. Using the sparge cap system, oxygen saturation in
simultaneous analyses using the latest techniques in transcriptomics, proteomics, metabolomics, and lipidomics. To (e.g. E26T0OC1) (600nm)| (cells/ml)| (cells/g)| (ug/ml) (TSA plate) (LS4D plate) culture and in media were achieved in less than 30 minutes. Different concentrations of oxygen can be sparged
accomplish this, batch cultures of 30 liters of stressed vs. non-stressed Desulfovibrio vulgaris as biological replicates in and introduced to D. vulgaris culture in a controlled manner.
triplicates are needed to ensure that all the analyses will be performed on cells of same condition. Various technical Measurement of 02 satu_ratim:‘ in D. vulgaris culture and
improvements and adaptations were made for the large-scale production and distribution of biomass exposed to a in media
variety of stressors, such as oxygen, salt, nitrate, nitrite, and temperature. Harvesting of D. vulgaris through high-speed . . - e

Over a twenty-month period from Figure 2. Lactate-sulfate defined [T s e

centrifugation proved to be the most efficient and uniform method of collecting cells for the various types of analyses.
Because of the rapidly changing nature of DNA and the short half-life of mRNA, D. vulgaris cultures needed to be

September 2003 to May 2005 the Applied (LS4D) medium recipes

immediately cooled to 5°C during biomass sampling. As a result, a fast sample cooling system was developed to chill Environmental Microbiology core at e s - -
300 ml of biomass culture from 30°C to 5°C in less than 3 min at a flow rate of 1.8 ml/s. For the oxygen stress of D. LBNL conducted over forty large scale D. o
vulgaris, culture vessels were fitted with HPLC three-valve delivery caps and porous teflon tubing filled with beads for vulgaris biomass production experiments T B - R o 0
sparging of the cultures with different types of gases (O2 & N2) at various concentrations in a controlled manner. and countless small scale experiments. ECEPR— N I N i 0:00 112 224 336 448 6:00
Because of the concomitant analysis by several laboratories, rigorous quality control measures were used to insure the Du1:1ng this tlme, the group developed "j“w B— J I En J = I Time (hours) Figure 10. Sparge cap system used for oxygen stress
quality and sterility of biomass from each time point in a production run, e.g. direct cell counts, optical density, pH, various techniques and made numerous e O ; Figure 9. Graph of dissolved oxygen measurements in  experiments
plate streaks, phospholipid fatty acid (PLFA) analysis, and protein assays. In addition, advanced FTIR improvements to VIMSS biomass - i - - - culture and in media over time
spectromicroscopy profiling was used to study gross bimolecular changes and to determine optimal sampling times. productl.on such asim med¥a composition, DR N N o . 22 e
QA/QC procedures were developed and documented to track every step in production from experiment inception to anaerobic sampling, and biomass . Centrifugation | Direct filtration | Tangential Filtration ‘ : -~ VIMSS Online Lab Notebook/Database
fi ; ; ; e ; ; harvesting. Direct filtration and tangential - e - - - | Freezer chill packs
inal analyses, including all chemicals, procedures, and technicians. Data are immediately uploaded to a database that & g Approxmiate Processing time (for | ~10 min. ~30-45 min. ~50-80 min.

-//vimss.Ibl.o flow filtration were studied as viable cell

Introduction

harvesting alternatives to centrifugation 6 samples) _ For every experiment, there is a virtual lab notebook documenting all

However, studies showed that centrifuging Estimated Processing costs ~8150 ~$60 ~$400-$800 Freezer chill packs and ice were used to QA/QC data. Eyery step in .biomass productiot.l from the .beginning of )

D. vulgaris cells was the best option in Figure 3. Biomass harvesting methods comparison chart keep the samples cool after sampling. media plrepara:ilo}? to th(:i Sh?mgn:i‘)f Tflmplez in thg end 1?] (ECumeﬁted in
Freezer chill packs cut to properly an excel spreadsheet and uploaded online to be made available to a

terms of time, cost, efficiency, and quality .
control (Figure 3). The accumulation of OD vs. Direct cell « Frpms e s A0 surround and chill sampling bottles and VIMSS researchers.

optical density (OD), Acridine Orange .
Direct Cell count (AODC), protein, and e

is shared by all investigators (http

The Virtual Institute for Microbial Stress and Survival (VIMSS) at Lawrence Berkeley National Laboratory
(LBNL) seeks to identify stress response pathways of Desulfovibrio vulgaris induced by various environmental factors
by combining multiple simultaneous analyses in an effort to conceptualize these pathways. The Applied Environmental
Microbio.logy core at LBNL is responsible for prqducing large quantities o'va. vulgaris biomass for different Fesearch PLFA data over time have enabled an
laboratories for simultaneous analyses on cells with the same growth condition and stress level. Transcriptomics (K- " dicti £D. vuloari th ' I'

123) are studied at Oak Ridge National Laboratory (ORNL); proteomics are studied at UC Berkeley, Sandia National accurate prediction of D. vulgaris grow § 2 ‘ i i‘ ‘
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Lab (H-087), and Diversa Corporation. Metabolomics are conducted at UC Berkeley; lipidomics (N-184) and rate. The conms;ency ofgfowth 1 o
phenomics (Q-247) are studied at LBNL. Biomass production at LBNL involves the production of non-stressed and determ}ned by the comparison data allows ) o
stressed D. vulgaris culture at various time points during the growth phase. It is a four-month process with two major a set biomass production schedule and 1 5 06 o ;
stages. During stage one, LBNL determines the stressor and the dosage, and designs and carries out a multi-time point
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experiment for ORNL’s transcriptome analysis. During stage two, LBNL will produce 12 to 30 liters of biomass for all Figure 4. OD vs. AODC. Prediction (5 #0087 #0007 &6550 SIESS  SFEES
the VIMSS laboratories based on the results of transcriptomics. LBNL is also responsible for all QA/QC verifications, approximate cells/ml based on OD
all sample shipments, the uploading of data, and analysis for all experiments. : Figure 5. Proteins vs. AODC data from . . .
readings Experiment #36: cold stress Figure 11. Freezer chill packs cover sampling ~ Figure 12. VIMSS online database at http://vimss.Ibl.gov and

bottles and tubes a list of biomass production experiments available online.
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During biomass production, six D. vulgaris cultures each in two to five liter bottles are grown at 30°C in the anaerobic Conclusions and Future Work
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_______ (L) ek chamber and sampled at various time points during the growth phase. However, due to the short half life of mRNA, proteins , and . X L . . .
L No, try again ) metabolites, it is necessary to rapidly chill large quantities of biomass samples to 4-5°C within seconds in order to stop cell growth * Biomass Productlon of batch cultures in biological repl'lcates demonstrated a reliable and carefully controlled
\ S"“""‘”“J and be able to determine the effect of different stressors on D. vulgaris over time. Samples on ice and centrifuging the samples at method to inoculate, grow, stress, and sample D. vulgaris cultures.
» Report 7‘%::33:: 4°C will not adequately chill the samples fast enough to prevent cells from growing and changes to DNA and mRNA during sample *+ QA/QC verifications at every stage of biomass production insure maximum reproducibility between biomass
gf"l';w“sb . o an interesii 2 Report processing. A fast sample cooling system was developed to sample D. vulgaris cultures in the anaerobic chamber and chill large production experiments.
res—po:s:;_Lgﬁlzgzr::;zzaagata;rlgs?:zén:t what g Sl volumes of culture (300-600 ml) from 30° to 4°C immediately (Figure 6). The sample apparatus uses a peristaltic pump and sterile . . - . . .
B e timo series work? (LBNL QAIGC | e — Masterflex viton tubing to remove D. vulgaris samples from the culture bottles. The culture chills almost immediately as it passes + Centrifugation and the fast chilling system appropriately prepares replicate samples simultaneously for
D Goa BNVA results rom ORNL? (o Jotvo & s Report S:mﬁc:m Repor through chilled sterile coiled stainless steel tubing and into the receiving bottle (Figure 7). The stainless steel tubing and receiving transcriptomics, proteomics, metabolomics, and lipidomics processing.
N stage LBNL} D i . . . . . . .
;’;‘;é?ﬁ:éiﬁfg;i’;”;?&’ﬂﬁﬁg‘é icroaray dta . <> T bottles are both placed in ice and remain chilled during the process. Cooling tests confirmed that D. vulgaris samples can be « The large scale biomass production of Desulfovibrio vulgaris for stress response studies can be used as a model
proceeding with remaining Genomics. Stage 2 Design Time Seri peron/Regiibn sampled quickly and chilled in a sufficiently short time. Three hundred milliliters of D. vulgaris culture can be sampled in less than for the large scale production of other obligate anaerobes in the future.
Experiment for all labs based| > . . .. . . . . .
OO ecemmendatond e three minutes and is chilled almost immediately. Results from the cooling tests can be seen in Figure 8. The bi ducti fbatch cul il ide valuable inf . d b df .
* The biomass production of batch cultures will provide valuable information and can be used for comparison
50 Repo R when stressed D. vulgaris cells are produced in six replicate bioreactors in chemostat mode.
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